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from the other highly ciliates, such as polyhymenophorans, pos- 
sessing an adoral zone of membranelles. 

On the phylogenetic relationship between the entodinio- 
morphs having cilia on their vestibular walls, such as ophryo- 
scolecids (3-5, 7, 10), and those having no cilia on it, such as 
Cycloposthium, the acquisition of cilia on the vestibular wall 
may be a result of functional differentiation for sending food 
more efficiently into the cytostome and assumes that the 
ophryoscolecids are a more differentiated group than cyclopos- 
thiids. 
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Improved Method for High- Yield Excystation and Purification of 
Infective Sporozoites of Eimeria spp. 1 

JAMES E. HOSEK, 2 KENNETH S. TODD, JR., and MARK S. KUHLENSCHMIDT 3 

Department of Pathobiology, College of Veterinary Medicine, University of Illinois, 
2001 S. Lincoln Ave., Urbana, Illinois 61801 

ABSTRACT. This report describes a new, gentle procedure for rapid and efficient excystation of large numbers of infective sporozoites 
of Eimeria vermiformis and Eimeria stiedai. Excysted sporozoites are purified using modifications of a previously described ion-exchange 
chromatography method. The procedure avoids physical breakage of oocysts and results in greater than 70% recovery of the sporozoites 
present as sporulated oocysts (i.e. 5-6 sporozoites per sporulated oocyst). The recovered sporozoites are greater than 95% pure and are 
infective in vivo. We routinely isolate greater than 2 x 10 8 sporozoites without the use of specialized or expensive equipment. 



PARASITE recognition and invasion of host tissue by coc- 
cidian parasites of the genus Eimeria display remarkable 
species and cell specificity (1, 10, 11, 17). Biochemical studies 
aimed at isolation of biologically active parasite surface recep- 
tors responsible for specific target cell recognition require large 
amounts of pure sporozoites which are representative of the 
majority of naturally occurring infectious forms, i.e. those in 
sporulated oocysts. 

There are several reports describing oocyst excystation and 
sporozoite purification procedures (2, 14, 15, 18, 20) but none 
report high yields of infective sporozoites based on the starting 
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number of sporulated oocysts. Furthermore, our attempts to use 
these procedures resulted in an average yield of only 1-1.5 spo- 
rozoites per sporulated oocyst. 

Purification procedures resulting in such low recoveries do 
not insure the isolation of sporozoites which are representative 
of those produced in infected animals. Therefore, the goal of 
our study was to maximize the yield of sporozoites during in 
vitro excystation to assure isolation of a quantitatively repre- 
sentative sporozoite population for subsequent biochemical 
studies. 

MATERIALS AND METHODS 

Preparation of oocysts. A clone of E. vermiformis oocysts was 
originally established and used to inoculate mice, Mus musculus 
(a coccidia-free colony of outbred Swiss Webster mice main- 
tained at the University of Illinois, College of Veterinary Med- 
icine, was used throughout these studies) as previously described 
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(17). Fecal material was collected from infected mice in 2.5% 
(w/v) potassium dichromate solution. The oocysts were sepa- 
rated from the majority of fecal debris by filtration through a 
150- M ni mesh metal screen (U.S. Standard Sieve Series, No. 
100 The W. S. Tyler Co., Mentor, OH), concentrated by unit 
gravity sedimentation, and allowed to sporulate at room tem- 

^TnS purification of sporulated oocysts. Sporulated oocysts 
were concentrated by sedimentation at unit gravity and the 2.5% 
dichromate removed by decanting. The concentrated oocysts 
were further purified by sugar flotation as previously described 
(3). and then washed 3x with water by centnfugation (1000 g, 

5 The oocyst pellet was resuspended in 15 ml of 5.25% (w/v) 
sodium hypochlorite and allowed to stand at 4°C for 10 min. 
The oocysts were then washed 2 x with water by centnrugation 
as described above. These washed oocysts were further cleaned 
by salt flotation using 45 ml of 20% (w/v) NaCl and centnfii- 
gation at 400 g, 5 min. Following this centrifugation the cleaned 
oocysts were diluted at least three-fold with water and washed 
3 x by centrifugation (1000 g. 5 min). The final, cleaned oocysts 
were resuspended in a minimal volume of 2.5% (w/v) dichro- 
mate and stored at 4°C until needed. 

Eimeria stiedai oocysts were obtained from liver homoge- 
nates of inoculated white rabbits, sporulated, and cleaned as 
described above for E. vermiformis. 

Preparation of excystation solutions. The two excystation so- 
lutions used were prepared in 200-ml lots and frozen in 10-rrtl 
aliquots until needed. Solution A consisted of 0.25% (w/v) crude 
trypsin (trypsin, 1-250 from hog pancreas extract, ICN Biomed- 
icals, Inc., Costa Mesa, CA) and 0.25% (w/v) taurodeoxycholate 
(Sigma Chemical Co., St. Louis, MO) dissolved in HAM F- 10 
medium (GIBCO Laboratories, Grand Island, NY). Solution B 
contained 0.25% (w/v) taurodeoxycholate in HAM F-10 me- 
dium The pH of both solutions A and B was adjusted to 7.2. 

Excystation of oocysts. Oocyst concentration and percent 
sporulation was determined by direct microscopic counting us- 
ing a hemacytometer. Approximately 1 x 10* sporulated oocysts 
were repeatedly washed with distilled water by centnfugation 
(1000 g 5 min) until the brown color due to potassium dichro- 
mate disappeared. To the final washed oocyst pellet, 15 ml of 
5 25% (w/v) sodium hypochlorite was added and the oocysts 
allowed to sit for 24 h at 4°C. The oocysts were then washed 
twice with water as described above. To the oocyst pellet, 10 
ml of excystation solution A was added and the contents trans- 
ferred to a 25-ml Erlenmeyer flask, placed into a 41°C orbital 
shaking water bath (200 rpm), and incubated for 1 h for E. 
vermiformis or 2 h for E. stiedai. 

At the end of the incubation the mixture of oocysts and par- 
tially excysted sporozoites were washed twice with cold (4 C) 
phosphate-buffered saline solution (PBS), pH 7.35, by centnf- 
ugation (1000 g, 10 min). The pellets were resuspended in 10 
ml of solution B and incubated at 41°C for 30 min (for both E. 
vermiformis and E. stiedai) as described above. Following this 
second incubation, the crude sporozoites were washed in PBb 
as described above and held on ice until further purified by 
chromatography as described below. 



Purification of sporozoites. Anion exchange chromatography 
of excysted sporozoites was performed using minor modifica- 
tions of the procedure described by Schmatz et al. (14). Briefly, 
a column (1 x 3 cm) of DEAE cellulose (DE-52, Whatman 
Chemical Separation Inc., Clifton, NJ) was prepared from de- 
fined resin and equilibrated in 10 column volumes of PBS at a 
flow rate of approximately 10 ml/min. The crude sporozoite 
pellet was resuspended in 10 ml of PBS and gently layered over 
the column. The column was continuously eluted with PBS at 
a flow rate of 1 ml/min. It was necessary to stir occasionally 
but carefully the accumulated debris on top of the column resin 
to maintain adequate flow rate and to free small amounts of 
trapped sporozoites. A total of 150 ml of eluant was collected 
from the column. The purified sporozoites were concentrated 
by centrifugation (1000 g, 15 min), resuspended in a minimal 
volume of HAMS F-10 medium, and stored on ice or frozen 
(-20°C) until use. 

Determination of sporozoite yield and purity. In all experi- 
ments the yield of sporozoites was determined microscopically 
using a hemacytometer (assuming eight sporozoites per sporu- 
lated oocyst). The final purity of the sporozoites was estimated 
by counting both intact motile sporozoites as well as any other 
recognizable particle or piece of debris. 

Determination of sporozoite cell volume. Determination ot 
sporozoite cell size (cell volume) and estimation of the amount 
of contaminating debris derived from oocyst shells and sporo- 
cyst fragments was done by electronic particle counting using a 
Coulter Counter model ZM. Aliquots of the final purified spo- 
rozoites were placed in a final volume of 100 ml of Isotone 
(Coulter Electronics, Hialeah, FL) to achieve a final cell con- 
centration of 7.5-8.0 x 10 4 cells/ml. The 100-ml suspension 
was gently stirred throughout the sizing measurements. The 
Coulter Counter was first calibrated with 4.98-Mm diameter latex 
beads The settings were as follows: amplification (A) - 8, ap- 
erture current (I) = 300 mAmps, matching switch = 10 kohms, 
and the full scale switch = 10 mAmps. 

RESULTS 

Cleaning of oocysts. The cleaned oocysts (Fig. 1 B) were almost 
entirely free of fecal debris (Fig. 1A); however, occasional con- 
tamination with Scyphacia obvoleta ova and fungal myceha was 
observed. These contaminants were easily removed during the 
final steps of sporozoite purification. 

Eimeria stiedai oocysts could also be separated from much 
of the contaminating liver tissue and debris by using the same 
cleaning procedure developed for E. vermiformis. The initial 
10-min incubation in sodium hypochlorite was effective in re- 
moving some of this contamination. It was noted, however, that 
during flotation in 20% (w/v) NaCl, much of the immature and 
unsporulated oocysts and remaining liver tissue floated to the 
top whereas the sporulated oocysts remained at the bottom of 
the NaCl. Following the final 24-h bath in sodium hypochlonte 
and subsequent washing steps performed just prior to excysta- 
tion, greater than 98% of the liver debris and immature oocysts 
had been removed. 

Excystation of oocysts (effect of temperature). There was only 
a gradual increase in the percentage of sporozoites released from 



Figs. 1,2. Brightfield photomicrographs of crude a^cl^ 
we/collected and cleaned from fecal debris as described in 

Cleaned oocysts. *2600.2.£/mma^ A " 30 min; B. 60 min. 

isssr — - — ais * — 

walls as compared to the thick walls of unsporulated oocysts (dash). x2600. 
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Fig. 3. Kinetics of E. vermiformis excystation. Eimeria vermiformis 
sporulated oocysts were cleaned, treated with or without sodium hy- 
pochlorite at 4°C for 24 h, and excysted at 41°C for the indicated times 
in the presence of both trypsin and taurodeoxycholate or taurodeoxy- 
cholate alone as described in Materials and Methods. A. One-step in- 
cubation; (O— O), oocysts treated in the absence of sodium hypochlorite 
and excysted in the presence of both trypsin and taurodeoxycholate; 
(•—•), oocysts treated in the presence of sodium hypochlorite and 
excysted in the presence of both trypsin and taurodeoxycholate; 
(A— A), oocysts treated in the presence of sodium hypochlorite and 
excysted in the presence of only taurodeoxycholate. B. Comparison of 
one- and two-step excystation incubations; (O— O), oocysts were treated 
with sodium hypochlorite and excysted in a one-step incubation in the 
presence of both trypsin and taurodeoxycholate; (•—•), oocysts treated 
with sodium hypochlorite and excysted in a two-step incubation with 
trypsin and taurodeoxycholate for 1 h and then for the remaining time 
in the presence of only taurodeoxycholate as described in Materials and 
Methods. 



both E. stiedai and E. vermiformis when the temperature was 
raised from 37 to 39°C The percent release rose dramatically 
to a sharp maximum, however, when the temperature was raised 
to 41°C and was followed by a pronounced decrease in the 
numbers of viable sporozoites recovered at 42-44°C (data not 
shown). These results indicate that as little as a 1°C variation 
from 41°C significantly lowers the number of sporozoites ex- 
cysted. 

Kinetics of excystation (effect of sodium hypochlorite pretreat- 
ment and a two-step incubation). The effects of sodium hypo- 
chlorite pretreatment and a two-step incubation on the excys- 
tation kinetics of E. vermiformis are given in Fig. 3A and B, 
respectively. Pretreatment of the cleaned, sporulated oocysts 
with sodium hypochlorite for 24 h at 4°C markedly increased 
both the rate and extent of sporozoites released during the ex- 
cystation incubation (Fig. 3A). This effect occurred regardless 
of whether the incubation was conducted in the presence of both 
trypsin and taurodeoxycholate or taurodeoxycholate alone. As 



expected, the rate of excystation of pretreated oocysts was great- 
est when both trypsin and taurodeoxycholate were included in 
the incubation; however, it was surprising that the excystation 
rate was only slightly reduced when the incubation was per- 
formed in the absence of trypsin (Fig. 3A). 

When oocysts pre-treated with sodium hypochlorite were in- 
cubated in the presence of both taurodeoxycholate and trypsin 
there was an initial 20-min lag, followed by a rapid increase in 
the number of released sporozoites. At approximately 60 min, 
the number of excysted sporozoites reached a plateau value of 
about 30-35% of the theoretical number of starting sporozoites 
(Fig. 3A). Although the plateau concentration of released spo- 
rozoites was maintained for an additional 60 min of incubation, 
the percent viability, as measured by trypan blue staining, de- 
creased by 10-20%. In addition, about 10-15% of the sporo- 
zoites which did not stain by trypan blue contained cell surface 
blebs and/or a more granulated and less refractive appearance. 
During subsequent purification of these sporozoites incubated 
for a long term, the recovery of viable cells was consistently 
lower than would have been predicted by the percentage released 
during excystation. These results suggested the decline in spo- 
rozoite recovery was due to destruction of released sporozoites 
from prolonged exposure to the excystation solution. 

Based on the above observation and the fact that excystation 
could occur in the presence of only taurodeoxycholate, we at- 
tempted to maximize the release of sporozoites while simulta- 
neously limiting their exposure to the caustic excystation so- 
lutions. Our most successful experiments resulted from using a 
two-step excystation procedure. When the first incubation (tryp- 
sin plus taurodeoxycholate) was performed for only 60 min, we 
eliminated most of the sporozoite destruction. As shown in Fig. 
2, however, it was obvious that optimum release of sporozoites 
had not occurred by the end of this incubation. Only about 30- 
35% of the total sporozoites had been excysted. In an effort to 
increase sporozoite yield several additional incubations were 
tried. The best second excystation incubation, which stimulated 
the release of another 30-35% of the starting sporozoites, was 
a 30-min exposure to taurodeoxycholate in the absence of tryp- 
sin (Fig. 3B). The high percentage of free sporozoites and the 
relative absence of intact sporulated oocysts found at the end 
of this incubation (Fig. 4) indicated that most of the sporulated 
oocysts had excysted. Thus, by prematurely stopping the initial 
exposure to trypsin and taurodeoxycholate followed by a second 
shorter incubation in only taurodeoxycholate, we achieved max- 
imum release of sporozoites without the concomitant destruc- 
tion that occurred in single long-term incubations. 

The kinetics of excystation during the second incubation in- 
dicated maximum release of sporozoites after 30 min. This max- 
imum was followed by a rapid decline in the percentage of 
recovered sporozoites after 40 to 180 min (Fig. 3B). Therefore, 
it is important that this second incubation be conducted pre- 
cisely for 30 min at 41°C. 

The excystation kinetics obtained for E. stiedai were some- 
what different from those of E. vermiformis. When oocysts were 
pre-treated for 24 h in sodium hypochlorite and then incubated 
in trypsin and taurodeoxycholate, there was a 60-70-min lag 
before any release of sporozoites was observed. Following the 
lag, excystation proceeded linearly for 60 min (Fig. 6). 

We were able to maximize the yield of viable sporozoites 
using the same strategy as described above. The first excystation 
incubation was stopped after 120 min, the oocysts washed and 
placed in taurodeoxycholate for an additional 30 min (see Fig. 
6 and Materials and Methods). As was described above for E. 
vermiformis, the second incubation in taurodeoxycholate must 
be done precisely for 30 min if optimal recoveries of excysted 
sporozoites are to be achieved. 
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Figs. 4, 5. Brightfield photomicrograph of E. vermiformis oocysts at the end of the two-step excystation incubation and phase contrast 
micrograph of purified sporozoites. 4. The oocysts were subjected to a two-step excystation incubation as described in Materials and Methods. 
At the end of the 30-min second incubation, an aliquot of the suspension of oocysts was photographed under brightfield microscopy. 5. Phase 

| contrast micrograph of sporozoites obtained following the second excystation incubation and purified by ion exchange chromatography as described 

t in Materials and Methods, x 2600. 



I We also observed, in both species, a marked thinning of the 
sporulated oocyst walls near the end of the lag phase during 
incubation in trypsin and taurodeoxycholate. This thinning ap- 
peared to be specific for sporulated oocysts (double arrows, Fig. 

1 2). 

!The percentages of released sporozoites following the two 
excystation incubations for both E. vermiformis and E. stiedai 
l was markedly higher than has been previously reported (7, M. 
Elaine Rose, pers. commun.). We have achieved recoveries of 
viable sporozoites of greater than 80% of the theoretical number 
present in sporulated oocysts. Typical recoveries average greater 
than 70% for both species. 

Purification of sporozoites. Of the various sporozoite purifi- 
cation methods we have tried, we found the anion exchange 
chromatography method of Schmatz et al. (14) to be the most 
i rapid and efficient technique for purification of large numbers 
of sporozoites. A single small column (1x3 cm) was easily 
able to purify I x 10 9 sporozoites. Typically, greater than 85% 
of the loaded sporozoites could be recovered from the column 

! after elution in PBS as described in Materials and Methods. 
Elution of the column for longer than 2 h should be avoided 
since it resulted in increased contamination with excystation 
debris. Following chromatography, the sporozoites were sepa- 
rated from the fine debris particles by differential centrifugation 
(see Materials and Methods) and evaluated for degree of purity 
as described below. 

The purified sporozoites were nearly homogeneous as judged 
by light microscopy (Fig. 5) and cell-sizing measurements (Fig. 




100 120 140 160 180 



TIME (MINUTES) 

Fig. 6. Kinetics of E. stiedai excystation. Eimeria stiedai oocysts 
were prepared, cleaned, and subjected to the two-step excystation in- 
cubation as described in Materials and Methods. The kinetics of the 
first (O— O) and second (•— •) excystation incubations are denoted 
separately on the figure. Note the first incubation was for 1 20 min for 
E. stiedai oocysts as compared to 60 min for E. vermiformis oocysts 
(Fig. 3B). 
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Table II. Infectivity of purified E. vermiformis sporozoites. 
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Fig. 7. Particle volume profile of purified E. vermiformis sporo- 
zoites. The degree of cell size (volume) homogeneity and small particle 
debris contamination of purified E. vermiformis sporozoites was esti- 
mated by particle-sizing analysis using a Coulter electronic counter as 
described in Materials and Methods. (O— O), 4.98-Mm-diameter stan- 
dard latex particle; (•—•), purified E. vermiformis sporozoites. 



7). The sporozoites are entirely free of contaminating oocyst 
shells, broken sporocysts, or other large debris. By counting both 
sporozoites and debris, we estimated the final sporozoite purity 
was routinely greater than 96%. 

The same degree of purity was obtained by determining the 
average particle size of the E. vermiformis sporozoite population 
using an electronic particle counter as described in Materials 
and Methods. The counter allows separate quantification of the 
number of particles in a population based on differences in 
particle or cell volume. The majority of sporozoites displayed 
a near symmetrical peak ranging in volume from 24 to 60 ^m 3 
with the average sporozoite being about 40 ^m 3 (Fig. 7). Mi- 
croscopy showed some single sporozoites which appeared sub- 
stantially larger than most others as well as a few clumps of two 
and three sporozoites. These cells and aggregates are most likely 
responsible for the larger volume (60-90 nm 3 ) particles seen as 
a tail on the main peak. Only very small amounts of debris (1- 
20 Mm 3 particle volume) were detected in the pure E. vermifor- 
mis sporozoite preparation. The number of particles in the small 
debris fraction is less than 5% and agrees well with the value of 
96% purity estimated by microscopy. A summary of the yields 
of viable sporozoites obtained at each step of the purification 
is shown in Table I. 



Table I. Summary of the excystation and purification of sporozoites.' 





Cell number x 10 6 


Purification step 


E. vermiformis 


E. steidai 


Sporulated oocysts 


100 


8.0 


Sporozoites (theoretical) 


800 


64.0 


1 st excystation 


280 (35%) b 


28.4 (44%) 


2nd excystation 


600 (75%) 


38.4 (60%) 


DEAE chromatography 


560 (70%) 


36.4 (57%) 


Purity 


>95% 


>95% 



Sample inoculated* 


Oocysts/g feces x I0 6b 


Control (no oocysts) 


0.0 


12,500 oocysts (P.O.) 


30.2 


100,000 sporozoites (P.O.) 


24.8 


12,500 oocysts (LP.) 


1.0 


100,000 sporozoites (LP.) 


1.0 



■ The final purity was estimated by light microscopy and electronic 
particle counting as described in Materials and Methods. 
b The numbers in parentheses indicate the percent yield at each step. 



• The number of oocysts/g feces was determined by microscopy. 
b Oocysts or sporozoites were inoculated into coccidia-free mice by 
either intraperitoneal (LP.) or per os (P.O.) injection. 



Infectivity of purified E. vermiformis sporozoites. The final 
preparation of purified sporozoites was infective when inocu- 
lated into mice (Table II). The purified sporozoites were quan- 
titatively as infective as an equivalent number of crude spo- 
rozoites injected as sporulated oocysts rather than sporozoites. 
Furthermore, essentially identical numbers of oocysts were ob- 
tained per gram of feces from inoculated mice regardless of 
whether the sporozoites or sporulated oocysts were injected per 
os or intraperitoneally. These results indicate that the large scale 
excystation and purification procedure described in this report 
yields sporozoites which are as infective for mice as the crude 
oocysts from which they were purified. 

DISCUSSION 

The molecular mechanisms involved in excystation of ei- 
merian oocysts are not well understood. Current published pro- 
cedures for in vitro excystation neither claim to have obtained 
maximum yield of sporozoites nor do they report yields cal- 
culated from the starting number of sporulated oocysts (2, 8, 
15, 18, 20). Therefore, the criteria we used in the development 
of an efficient in vitro excystation procedure were 1 ) it should 
use conditions which resemble the in vivo environment, 2) it 
should be relatively rapid and not require specialized or expen- 
sive equipment, and 3) it must result in excystation of the ma- 
jority of sporozoites present in the starting sporulated oocysts. 

In this study we have monitored the kinetics of excystation 
under various incubation conditions in an attempt to preserve 
sporozoites as well as to excyst as many sporulated oocysts as 
possible. Using this approach, we have developed a relatively 
rapid, simple procedure which yields greater than 1 x 10 9 puri- 
fied sporozoites in 4-6 h following the 24-h sodium hypochlorite 
pretreatment step. The excystation conditions resemble those 
likely to exist in vivo and do not involve physical breakage of 
oocysts. The recovered sporozoites are greater than 96% pure 
and are as infective for mice as an equivalent number of spo- 
rozoites inoculated as sporulated oocysts. 

The method of sporozoite excystation and purification de- 
scribed here is the first procedure that routinely yields greater 
than 70% of the theoretical number of sporozoites present in 
the sporulated oocysts. The percentage of sporozoites obtained 
is probably underestimated because the theoretical number is 
calculated based on a microscopic count of sporulated oocysts 
which may include some immature sporulated oocysts that are 
not yet ready to excyst. The sporozoite recoveries we report are 
3-7-fold greater than those obtained in previous procedures (8, 
M. Elaine Rose, pers. commun.). Most importantly, since the 
procedure allows isolation of the majority of sporozoites con- 
tained within sporulated oocysts, it insures isolation of a bio- 
logically representative cell population that can be used for bio- 
chemical studies. 

The use of two flotation steps (flotation first in Sheather's 
solution and then in 20% [w/v] NaCl separated by a 10-min 
incubation in sodium hypochlorite) greatly facilitates the re- 
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m ovaJ of most of the fecal debris. Furthermore, the cleaning 
and excystation procedures used here allowed us to avoid the 
physical breaking of oocysts in a tissue homogenizer (9, 14, 15, 
20). Consequently, our preparations contained less debris and 
fewer damaged sporozoites as compared to preparations made 
-"by using homogenization steps. 

The 24-h incubation in sodium hypochlorite increased the 
sporozoite yield by 1.5- to 2-fold with an additional 50-100% 
increase arising from the inclusion of the second excystation 
incubation. The sodium hypochlorite treatment also eliminated 
the need for carbon dioxide or reducing agents which have been 
reported to be necessary for adequate excystation of sporulated 
E, stiedai oocysts in vitro (5, 9). 

During excystation of both species we observed a definite 
thinning of oocyst cell walls which appeared specific for spor- 
ulated oocysts. The thinning occurred within 10 min of the first 
excystation incubation for E. vermiformis and at about 1 h for 
E. stiedai. A similar change in morphology has been previously 
reported to occur during excystation in the presence of L-cys- 
teine (12). 

The specificity of the wall thinning for sporulated oocysts 
suggests that the oocyst wall may be modified during spolia- 
tion. Such a modification could occur by a variety of mecha- 
nisms (6, 7, 13, 16, for review see 19). Albeit conjecture, one 
potentially interesting mechanism is the induction of one or 
more sporozoite-specific wall modification enzymes. One pos- 
sible candidate for such an enzyme is sporozoite acid phospha- 
tase. We have recently found that this enzyme activity dra- 
matically increases during sporulation of Eimeria spp. and is 
present in higher specific activity than any other hydrolytic en- 
zyme we have measured (4). We are currently investigating the 
role, if any, that acid phosphatase may play in sporozoite ex- 
cystation and subsequent host cell interaction. 
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